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1 
This invention relates te grinding apparatus 
and has particular reference te new and 
improved apparatus for grinding or forming 
accurate leads or edges on parts of precision 
apparatus such as fuel injection apparatus. 
An object of the invention is te provide a new 
and improved apparatus of the type set forth 
which is particularly adapted for accurately 
forming parts that recuire a high degree of 
accuracy such as the plungers of fuel injection 
apparatus. 
Another object of the invention is te provide a 
new and improved apparatus for forming the 
helix or metering edge on the plungers of fuel 
injection apparatus. 15 
Another object of the invention is te provide 
a new and improved apparatus for forming an 
accurate lead on a cylindrical surface. 
Another object of the invention is te provide 
a device of the type set forth which employs a 20 
relatively large grinding wheel. 
Another object of the invention is te provide a 
new and improved device for forming an accu- 
rate helical lead on a cylindrical surface using as 
large a grinding wheel as possible for high sur- 25 
face speed. 
Another object of the invention is te provide 
a device of the type set forth which is relatively 
simple and economical in construction yet 
efficient in operation.  30 
Other objects and advantages of the invention 
will be apparent from the following description 
taken in connection with the accompanying 
drawings. It will be understood that changes 
may be made in the detafls of construction and 35 
arrangement of parts without departing from 
the scope of the invention as expressed in the 
accompanying claims, as the preferred form bas 
been given by way of illustration only. 
Referring te the drawings: .40 
Fig. 1 is a front view of one form of a device 
embodying the invention; 
Fig. 2 is a top or plan view thereof; 
Fig. 3 is an end view thereof; 
Fig. 4 is a fragmentary sectional view taken on' 
line 4--4 of Fig. 2 looking in the direction of the 
arrows; 
Fig. 5 is a fragmentary sectional view taken on 
line 5--5 of 1ig. 2 loolng in the direction of the 
arrows; 
Fig. 6 is a fragmentary sectional view taken on 
line 5--6 of Fig. 1 looking in the direction of the 
arrows; 
Fig. 7 is a fragmentary-sectional view taken 
on line 7--7 of Fig. 2 looking in the direction of 
the arrows; 
Fig. 8 is a fragmentary sectional view taken on 
line 0--6 of Fig. 2 looking in the direction of the 
arrows; 
Fig. 9 is a side view of a part for fuel injectlon :, 

2 
---apparatus before the forming thereon of he 
metering edge; 
Fig. 10 is a fragmentary view similar te Fig. 9 
but on an enlarged scale; 
. Fig. 11 is a view showing the positions of the 
plunger and grinding wheel during the forming 
of the metering edge on the plunger; and 
Fig. 12 is a fragmentary view generally similar 
te Fig. 11 but on an enlarged scale. 
The device embodying the invention comprises 
broadly, a support for the work which is te have 
an accurate lead ground thereon such as a 
plunger for fuel injection apparatus, a cuiter 
such as a grinding wheel and means for moving 
said cutter and work relative fo each other in 
such manner that an accurate lead will be 
formed on the work. The actuating means may 
be hydraulic or mechanical and in the construc- 
tion shown by way of illustration consists of a 
hydraulically actuated work support adapted fo 
more the work in a helical cam controlled path 
relative te the grinding wheel whereby an accu- 
rate helical metering lead will be formed on the 
plunger. 
Referring more particularly fo the drawings 
wherein similar reference characters designate 
corresponding parts throughout the several 
views, the device shown embodying the invention 
comprises a base ! supporting the grinding head 
2 on which is mounted the grinding wheel 3 for 
rotation in the usual manner. The grinding 
wheel is preferably fixed relative te the work and 
preferably the wheel employed has an angular 
surface on its periphery which angle is the 
difference between the angular relation of the 
work and the grinding wheel. 
The grinder ! and grinding head i shown are 
of conventional design and other conventional 
design grinding machines may be employed. 
On the grinder  is supported the base 4 on 
which is mounted the carriage 5 for longitudinal 
movement thereon as hereinafter described and 
which is provided with the cam drum 6 and cam 
. The cam 7 is secured te the cam drum 6 by 
means of bolts or the like 0 which may be re- 
moved te allow the positioning of various cams 
on the cam drum depending upon the part fo be 
formed. If will be noted from the drawing that 
the diameter of the cam  is many imes as 
great as the diameter of the work piece or 
plunger !6 on which the metering lead is te be 
formed. This minimizes greatly any errors in 
the finished lead. 
The carriage  is provided with openings 9 
adjacent its opposite ends and aeross each of 
which extend a pair of spaced guide bars ! 0, each 
of which extends through a sleeve or bushing  . 
The guide bars ! are adapted te extend 
through bushings !! extending through projec- 
tions !2 on the base 4. 
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In this manner the carriage 5 is mounted for 
longitudinal movement on the base 4 and the 
extent ofsuch movement is controlled by the 
size of the openings 9 and the length of the 
sleeves H} as shown in Fig. 4. 5 
The cylinder J3 is secured fo the end of the 
carriage 5 and is adapted to receive thepiston .|4 
which is secured to the projection 12 on the base 
4 by means of the connector ! 5 Which is secured 
fo said projection 12. The connector fS:is posi- 
tioned between the pair of sleeves J5 and also 
is preferably positioned substantially in align- 
ment therewith. 
The cylinder |3 is connected by line 38 through 
a two-way check valve to a fluid supply and line 
:39 also .is connected :fo a suitable fluid .supply 
whereby a uniform pressure is :maintained in 
cylinder -3 throughout the stroke, of piston 4 
in both directions and line 38 supplies fluid rto 
%he:cylinder |3 on the return stroke of carriage 0 
 5 and maintains back pressure throughout 'the 
forward stroke.of carriage5. It will beseen tlat 
the position of :the piston J4 is fixed relative to 
the base  as it is connected thereto by connector 
 15 and that the cylinder which is fixed on car-g5 
riage 5 reciprocàtes with said. carriage uponthe 
.reCiprocation thereof. 
On the camiage  is positioned.the adjustab]e 
suppoting member 5 canTing the centering pin 
'fS Which :is resiliently urged by the spring 
for,maintaining the workpiece ! 8 in alignedrela- 
tion:and the otherend of said workpiece 8 is 
 secured in the chuck 19. The support:3 is slid- 
 able on çhe :slide 38 on carriage 5 and is atapted 
 tombe locked in adjusted positionby set screws SL 
The.eam  and cam drum:8 are adapted.to be 
rotatedby the hydraulicmotor 2 which is cou- 
pled with the drive coupling 2| by means of the 
member 22 which is connected to thé rotor 
0f the motor 2{} at-one end and has its opposite 
:end :keyed to the drive coupling 2| by means Of 
he woodruff key 24. 
T!e hydraulic motor 28 is of the eccentric 
-vane type and includes the vane 25 and springs 
28. hemotor:28.is-proviled with.the stuff box 
gland-21 .and packing8. 
The hydraulic motor -2 is connected to .the 
-fluid inlet line f. and fluid outlet line 42 al- 
though if is reversible by changing line 4! to an 
 ourlet line.and line42 to an inlet line. 0 
The cam ] is .adjustable longitudinally to- 
gether with carriage 5 fo position the work in 
tlesired relation with grinding wheel 3 by means 
of micrometer screw 44 which may carry indicia 
Which may be read against inlicator 45, and  
adjustment of micrometer screw ]4 adjusts the 
position of stop or-cam follower 48 Which abuts 
the face 4 of cam ] when said cam is ai the 
beginning of its working position. As cam ï 
rotates against follower , the carriage 5 is O 
-reciprocated and work piece |8 which is carried 
by chuck ï9 is simultaneously reciprocated and 
rotated relative fo grinling wheel 3 which forms 
£he metering lead. on the .plunger as hereinafter 65 
-described. 
The drive coupling 21 is provided vith the 
coupling cushioning blocks 29. 
The cam drum  iskeyed fo the shaft 3 which 
is journaled in the ball bearings 3 ! and32 in the 70 " 
housing 33 which is supported on the 'carriage 5 
 and adapted fo be moved longitudinally there- 
with. 
On theend 0fthe shaft 30is provided the cen- 
teri chuck J9 for retainingtheworkpiece  8 lin  
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operative position in cooperation with centering 
pin 
The device Of .the present inventionïis, particu- 
larly adaPted fo "form or-grindaccurate helical 
leads on a cylindrical surface using as large 
.heel as possible for high surface speed, and is 
particularly adapted for the forming of accurate 
hëlical metering leads on the plungers of fuel 
4necti0n ..apparïtus as shown in the drawings. 
In forming.such plungers the blank is milled 
away at 4 .to:-form the helical lead or shoulder 
- 8 asshown in Fig. 10, and by using the machine 
of this invention the bevelled helical lead 49 is 
formed,on the edge of the lead 45 with the lead 
49 being of required accuracy. 
In. Fig. 9. a .side -view of a complete plunger 
blank ishown 9rior to he forming of .the heli- 
'cal lead 'thereonand in lg. 10, the portion0f 
the plunger 8 on whichthe bevelled leadl .is 
tobe formed is shown on.an .enlarged scale. 
In Fig: 11, the relative:positions of the plunger 
and grinding wheel are shownand in.Fig. 12.this 
is hown. on an -enlarged scale..The surface Lori 
the,edge of the grinding .wheel S may beof:de - 
sired angle and preferably the .center :of 
wheel is placed above the center line :of the 
work 18. 
In Dperation, the work 8 is positioned 
tween the center 8 and chuck ! and the 
micrometer screw 4 adjusted to properly.posi- 
tion the work .! 8 relative:fo thegrinding-wheel S. 
The cylinder |S-and piston |4then arebroullt 
into action to cause longitudinal reciprocation 
of the carrier  and work J8 relàtive ,to said 
grinding Wheel  and .simultaneously with the 
reciprocation of said carrier 5, the "hylraulic 
motor 2} is caused to rotáte and being connected 
to the woi'k support, therefore, causes /simul- 
taneo rotation of-the wo9k 18 thereby causing 
the vork ! 8 and grinding .wheel to engage, over 
the desired portion of the helical lead-8 whereby 
the .accurately formed bevellet lead-screw 
will be formed.on the:edge of thelead 
From the foregoing it .will.be seen that:I hae 
provided means for obtaining all of the objects 
and advantages.0fthe invention. 
Having described.my invention, -I Claire: 
1. Ina device of the Character describel, .a 
grinding wheel, a reciprocating ork supporting 
carriage having a pair of spaced .work supports 
adapted fo support a .work pieceretative to said 
grinding wheel and tobe .movable axially :and 
rotatably, a-cam .follower and a rotatable face 
cam engaging said follower-on said .support .and 
substantially axially aligned with said work sup- 
ports and adapted to move said work support 
and work piece relative to said cutter, hydraulic 
means for recipocating said carriage and hy- 
draulic means for.operatingsaid cam. 
,2. In a device of .the character described, a 
grinding wheel, a reciprocating work supporting 
carriage having a pair of spaced work supports 
adapted-tosupporta work piece relative to said 
grinding wheel and fo be movable axially and 
rotatably, a cam follower and a rotataSle face 
camengaging said follower on said support and 
substantially axially aligned with said work sup- 
ports and adapted to move said wori support and 
work piece relative to said .grinding wheel and 
hydraulic means for operating said cam and 
ciprocating .said carriage, said grinding wheel 
being supported in angular relation with the 
work piece with the difference between the angu- 
lar-.relation of the work piece and.face 
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grinding wheel being the angle formed on the 
periphery of the grinding wheel. 
3. lu a devlce of thè character described, a 
cutter0 a reciprocating work supporting carriage 
having a pair of spaced work supports adapted 5 to movably support a W0rk piece relative to said 
cutter and to be movab!e axlally and rotatably» a 
cam follower and a rotatable face cam engaging 
said follower on said sïipport and substantially 
axially aligned with said work supports and 10 
adapted to move said vork support and work 
piece relative to said cutter, and hyclraulic means 
for actuating said cam and reciprocating said 
work support and hydraulic means creating a 
constant load against which said work support is 15 
positioned by said came 
EDWII A. NICHOLS. 
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